Background and aim: Triggering receptor expressed on myeloid cells (TREM-1) is a receptor on phagocytes that is triggered by infectious agents. The soluble form of it (sTREM-1) can be elevated in gastric juice by Helicobacter pylori (H. pylori) infection of gastric mucosa. The aim of this study was to compare the diagnostic values of sTREM-1 and C-reactive protein (CRP) for detection of H. pylori infection in gastric mucosa. Methods: In this diagnostic accuracy study on cases who underwent endoscopy from March 2015 to July 2016 in Shahid Beheshti Hospital, Kashan, Iran, gastric juice sTREM-1 and CRP concentrations were measured by enzyme-linked immunosorbent assays (ELISA) and their diagnostic values were compared to detect H. pylori infection. Gold standard test was histopathology. Data were entered into SPSS software version 16. Statistical analysis was made by Kolmogorov-Smirnov, Chi-square, Independent-samples t-test, Kruskal-Wallis, MannWhitney U, Pearson product-moment correlation, Receiver operating characteristic curve (ROC), Brier score, Nagelkerke R square and scaled reliability test. Results: Of a total of 160 cases, 81 (50.6%) were H. pylori-positive based on pathology. The level of sTREM-1 in H. pylori-positive patients was significantly higher than H. pylori-negative patients (p=0.000), but no significant difference between CRP concentrations was shown between groups (p=0.7). Sensitivity, specificity, positive likelihood ratio, negative likelihood ratio and accuracy of sTREM-1 were 82%, 75%, 3.3, 0.25, 78% and for CRP were 62%, 40%, 1.02, 0.98, 51% respectively for diagnosis of H. pylori infection. True positive and negative rates were 66 (81.5%) and 59 (74.7%) for sTREM-1 and 50 (61.7%) and 31 (39.2%) for CRP. The levels of sTREM-1 and CRP were not significantly different between endoscopic finding groups (p=0.97, p=0.2 respectively). Conclusion: Despite CRP, sTREM-1 was a relatively acceptable indicator of H. pylori infection of gastric mucosa.
Introduction
The exact mechanisms of peptic ulcer disease (gastric and duodenal ulcers) are not clear (1) . Many investigations have been noted about impairment of repair and protection of gastric and duodenal mucosa (2) . It seems most cases of peptic ulcer disease occur in presence of Helicobacter pylori (H. pylori) infection. Evidence is supported that H. pylori is a necessary part of ulcerations such as acid and pepsin. During a study, it was shown that H. pylori secreted the lipopolysaccharide (LPS) which contributed to the gastric inflammation (3) . Indeed, it is unclear whether the inflammation or the micro-organism is the mainstay cause of ulcerative process (4) . Triggering receptor expressed on myeloid cells (TREM-1) is a receptor that is expressed on the surface of monocytes and neutrophils in acute inflammatory processes such as sepsis, and is increased by bacteria and fungus (5, 6) . Its soluble form (sTREM-1) is shown in the gastric juice of cases with peptic ulcer disease and gastritis (7) (8) (9) . According to some investigations, the diagnostic value of sTREM-1for detection of bacterial infections is unclear (10) (11) (12) (13) ). An investigation indicated the association of gastric juice sTREM-1 level with gastric H. pylori infection (9) , but in another study, no association was found (7) . C-reactive protein (CRP) is a useful marker for diagnosis of inflammation and sepsis in children and neonates. It is produced in the liver by stimulation of IL-6 (14) . Some surveys demonstrate a good correlation between serum and salivary CRP levels for detection of infection (15, 16) . Another study showed low diagnostic values of CRP in prediction of infection (17) . During a survey, a high level of serum CRP was detected among H. pylori infected patients (18) , meanwhile in another study, no increase in serum CRP level was found in H. Pylori infected cases (19) . Despite serum CRP, Gastric juice CRP concentration has not been measured for detection of H. pylori infection in any study. Based on the above contradictions regarding diagnostic values of sTREM-1 and CRP in detection of infection, the present study was conducted to compare the diagnostic values of sTREM-1 and CRP for detection of gastric H. pylori infection. Despite these biomarkers, other diagnostic modalities such as stool antigen test and PCR are expensive, and H. pylori IgG may remain positive for long time after successful treatment. So, positive results of our tests may indicate active disease. Furthermore, if an acceptable diagnostic value of these indicators will be approved in the future, their levels in gastric juice by nasogastric tube (NG tube) suction may be useful as a screening test for detection of H. pylori infection because it is a less invasive procedure than endoscopy.
Material and Methods

Study population and design
This diagnostic accuracy study was carried out on patients who were candidates for endoscopy from March 2015 to July 2016 in Shahid Beheshti Hospital of Kashan. A total of 160 cases participated in present investigation. Indications for endoscopy were nausea and vomiting accompanied by epigastric pain, abdominal discomfort or pain and dyspepsia.
Selection criteria 2.2.1. Inclusion criteria
Inclusion criteria included individuals aged 18 years or older who were referred for endoscopy. Exclusion criteria were age less than 18 years, acute or chronic renal failure, recent upper gastrointestinal (GI) bleeding, chronic liver disease, diabetes mellitus, gastric carcinoma, intake of any antibiotics, proton pump inhibitors (PPIs), bismuth, nonsteroidal anti-inflammatory drugs (NSAIDs) or corticosteroids during recent 2 weeks.
Exclusion criteria
In all, 31 patients were excluded before beginning the study (21 cases used PPIs, 5 cases used antibiotics and 5 cases refused to undergo endoscopy). After enrollment, no bodies were excluded from the study. The patients were selected regarding convenient sample strategy.
Sample size
Sample size was estimated according to α=0.05, β=0.2, µ1=150.14, µ2=118.48, SD1=41.16, SD2=54.93 (9) . It was calculated as about 80 cases.
Data collection and Laboratory methods
According to biopsy samples, patients were divided into two groups (H. pylori-positive and H. pylori-negative groups). Gastric juices were collected for measurement of sTREM-1 and CRP levels, and their diagnostic values were compared together for detection of H. pylori infection regarding histopathology (gold standard test). The interval between gastric juice sampling and performance of ELISA tests was about 6 months in two steps (over approximately 12 months). The histopathology test was done up to a maximum of 2 weeks. Endoscopy was done by a physician. Endoscopic findings were based on macroscopic findings such as normal endoscopy, gastric ulcer (GU), duodenal ulcer (DU) and gastritis. About 5-7 ml of gastric juice samples were aspirated and transferred to a Page 6113 laboratory at Shahid Beheshti Hospital of Kashan, and were frozen and stored at -20°C until processing for measurement of sTREM-1 and CRP concentrations. Laboratory tests were conducted by a technician. After thawing gastric juices, they were centrifuged at 2000 r.p.m. for twenty minutes and the supernatants were removed, then sTREM-1 (Hangzhou Eastbiopharm, China) and CRP (R&D system, CRP Quantikine, USA) were measured by enzyme-linked immunosorbent assay (ELISA) kits. For estimation of sTREM-1, captured antibody of sTREM-1 was diluted to 4000 ng/ml and with 0.1 ml per well, distributed in a 96-well plate. Supernatants of gastric juices were incubated overnight at 25°C, wells were washed with 0.05% solution of phosphate-buffered saline with pH: 7.2-7.4 and 0.1ml standard concentrations of sTREM-1 (15.1-4000 pg/ml) diluted with reagent solution and added to wells. Following 2 hours of incubation, the wells were washed three times and 0.1 ml of 400 ng/ml dilution of sTREM-1 detection antibody was added to wells. After incubation for 2 hours, attached antibodies were signaled by streptavidin. Concentrations of sTREM-1 were calculated by optical density of 450 nm following addition of 1:1 H2O2: tetramethylbenzidine as a substrate. The lowest level of detection for sTREM-1 was 5 pg/ml. For estimation of CRP, 100 µl of assay diluent was added to each well. Then 50 µl of gastric supernatant was added per well and incubated for 2 hours. Aspiration was done, and washing of each well was performed 3 times. Two hundred micro liters of conjugate solution were added to each well and incubated for 2 hours. Aspiration was conducted and washing was done 4 times. Thereafter, 200 µl of substrate solution was added to each well and incubated for 30 minutes. Finally, 50 µl of stop solution was added and the CRP levels were calculated at optical density of 450 nm within 30 minutes. The lowest limit of detection for CRP was 0.8 ng/ml. Validation of ELISA kits was tested by undiluted calibrators which were made by the manufacturer, and finally two calibration plots were designed.
Histopathology
Two biopsy samples were obtained from corpus and gastric antrum, and were embedded in 10% formalin and stained by hematoxylin-eosin and Giemsa to detect histopathologic changes. Immunochemistry (gold standard test) was conducted for detection of H. pylori with 1/100 dilution (Biocare Med., California, USA). One pathologist evaluated the histopathology of samples.
Statistical analysis
Data were entered into SPSS software version 16 (Chicago, Illinois, USA). Kolmogorov-Smirnov test was used to determine the normal distribution of continuous data. Continuous data with normal distribution was shown by mean ± standard deviation (SD), and continuous data with abnormal distribution was reported as median ± inter quartile range (IQR). Categorical variables were determined by frequency and percent. Concentrations of sTREM-1 and CRP were indicated by median ± IQR and mean ± SD respectively. Comparison of sTREM-1 and CRP concentrations between groups (H. pylori-negative and H. pylori-positive groups) and sexes was made by MannWhitney U and Independent-samples t-test respectively. Concentrations of sTREM-1 and CRP according to endoscopic findings, were compared by Kruskal-Wallis and one-way ANOVA tests respectively. Association of endoscopic findings and sex with H. pylori infection was detected by Chi-square test. The relation between age, sTREM-1 and CRP levels was indicated by Pearson product-moment correlation. The association between H. pylori infection and age was indicated by Independent-samples t-test. Receiver operating characteristic curve (ROC) detected the cut-off values, areas under the curves (AUCs), sensitivities and specificities of diagnostic tests. For optimization of cut-off points, Youden's J statistic index was used. Cut-off values of sTREM-1 and CRP were chosen 16.5 pg/ml and 4.9 ng/ml respectively. The overall performance of two biomarkers was evaluated by Brier score, Nagelkerke R square and scaled reliability test. Any p < 0.05 was considered statistically significant.
Research ethics
The present study was approved by the ethics committee of the Deputy of Research, Kashan University of Medical Sciences (No. 29/5/1/5022). The informed written consent was obtained from all patients, and their data were noted in questionnaires. All individuals were entered voluntarily in the study. Dangers and benefits of the procedures were described completely for the patients. To decrease the anticipated complications, an expert anesthesiologist and endoscopist were present during the procedure. Moreover, a complete resuscitation set was at hand. Any patient was free to resign from the study at any time. The information of the cases was kept confidential. No charge was imposed to any patient.
Results
A total of 160 patients, 76 (47.5%) females and 84 (52.5%) males with mean age of 41.07±15.2 years (age range of 19-89 years) were entered into this study. A total of 81 cases (50.6%) were H. pylori-positive. Endoscopic findings were reported as: 22 (13.8%) normal, 35 (21.9%) gastric ulcer, 70 (43.8%) duodenal ulcer and 33 (20.6%) gastritis. Table 1 indicates the association of some variables with H. pylori infection. It shows a significant association between sTREM-1 level and H. pylori infection (p=0.000), but no association between CRP level and H. pylori infection (p=0.7). No sex predominance was found according to sTREM-1 (p=0.1) and CRP (p=0.3) levels. The relation between age and levels of sTREM-1 (p=0.9, r= -0.01) and CRP (p=0.4, r=0.06) was not significant. Table 2 indicates the diagnostic values of sTREM-1 and CRP for detection of H. pylori infection. The AUCs were 0.86 (95% CI: 0.81-0.92, p=0.000) and 0.49 (95% CI: 0.40-0.58, p=0.87) for sTREM-1 and CRP respectively ( Figure 1 shows ROC curve). For sTREM-1, true negative (TN), false negative (FN), false positive (FP) and true positive (TP) rates were 59 (74.7%), 15 (18.5%), 20 (25.3%) and 66 (81.5%) respectively, and for CRP, TN, FN, FP and TP rates were 31 (39.2%), 31 (38.3%), 48 (60.8%) and 50 (61.7%) respectively. Brier score was 0.05 and 0.26 and Nagelkerke R square was 0.53 and 0.001 for sTREM-1 and CRP respectively. Scaled reliability (Cronbach's Alpha) between sTREM-1 and CRP was 0.005 that showed unreliability of CRP for detection of H. pylori. Finally, despite CRP, sTREM-1 was a relatively acceptable diagnostic test for detection of H. pylori infection. Table 3 depicts concentrations of sTREM-1 and CRP according to endoscopic findings that show no differences between them (p=0.97, p=0.2 respectively). Calibration plots for ELISA kits are depicted by Figures 2 and 3 . 
Discussion
The aim of this research was to compare the diagnostic values of gastric juice sTREM-1 and CRP for diagnosis of H. pylori infection. The present study revealed that despite CRP, sTREM-1 was a relatively good indicator of H. pylori infection of gastric mucosa. In contrast, CRP and sTREM-1 levels were not statistically different according to endoscopic findings in our survey. In an investigation, the mainstay assumption was that sTREM-1 was secreted by recruited phagocytes to inflamed gastric mucosa and eradication of H. pylori decreased the level of sTREM-1 in gastric juice (9) which was somehow compatible with the current investigation. During a survey, sTREM-1 gastric juice level was not related to the infection by H. pylori, but was associated with peptic ulcer disease (7), which was inconsistent with the present study. The cause of these differences may be due to various pathogenesis of peptic ulcer disease and chronic gastritis. During an investigation, sTREM-1 was increased in the gastric juice of patients with peptic ulcer disease despite chronic gastritis (20) , that was incompatible with our investigation. In another survey, serum sTREM-1 titer was high among patients with peptic ulcer disease and was decreased significantly following treatment especially with complete healing (21) . These findings may be due to the hypothesis that sTREM-1 is a probable factor leading to peptic ulcer (20) . Su et al. found that sTREM-1 was more reliable than CRP for diagnosis and severity of sepsis (22) which was compatible with our results. Lin et al. indicated that neither sTREM-1 nor CRP were good markers for detection of infection (23), which was not in line with our study. No study has been performed in Iran on gastric juice level of sTREM-1 in patients with peptic ulcer disease and chronic gastritis or as a diagnostic test to detect the gastric infection by H. pylori. C-reactive protein, an infection and inflammation marker, is an acute phase reactive protein and is commonly used in detection of early onset neonatal sepsis due to high sensitivity of this test (24) . According to our knowledge, CRP was not a good predictor of bacterial infection (H. pylori) in gastric juice with low sensitivity and specificity. Some researches described that CRP was not an appropriate diagnostic tool for detection of sepsis compared to other tests (25, 26) which was in line with ours. According to Miedema et al. (27) , CRP was indicated a poor diagnostic test for discrimination of bacterial infection with low sensitivity and specificity that was congruent with our results. During an investigation, an acceptable correlation was shown between salivary and serum CRP levels for screening of at-risk neonates for infection (28) 
